's disk-like magnetosphere, we show that variations in hot plasma pressure can change the magnetic field configuration. This effect changes (i) the location of the magnetopause, even at fixed solar wind dynamic pressure, and (ii) the magnetic mapping between ionosphere and disk. The model uses equatorial observations as a boundary condition-we test its predictions over a wide latitude range by comparison with a Cassini high-inclination orbit of magnetic field and hot plasma pressure data. We find reasonable agreement over time scales larger than the period of Saturn kilometric radiation (also known as the camshaft period).
Introduction
Saturn's equatorial, rotating plasma disk is threaded by a magnetic field which changes from a quasi-dipolar geometry, at distances 12 R S (Saturn's radius R S = 60280 km), to a "magnetodisk" in the outer region, where the radial field component is dominant at distances ∼1-2 R S from the equator (e.g Arridge et al. [2007] ). This magnetodisk is supported by an azimuthal ring current whose solenoid-like field adds to the planetary dipole. In early studies, the ring current was represented by a bound annular region with four free parameters: a uniform half-thickness, inner and outer radii, and a current scaling parameter (e.g. Connerney et al. [1981] ). In this model, current density J φ was assumed inversely proportional to cylindrical radial distance ρ. This formalism ("CAN81 disk") was recently adapted to analyze Cassini magnetic data, establishing how ring current parameters depend on magnetopause size [Bunce et al., 2007] .
More recently, a formalism for calculating self-consistent field and plasma distributions for the Jovian magnetodisk [Caudal , 1986] has been implemented for Saturn (Achilleos et al. [2010] , hereafter A10 ). This approach integrates equations of force balance throughout a rotating, axisymmetric magnetosphere ( §2). In §3, we use the A10 model to show that the variability of hot plasma pressure, as observed, affects the magnetospheric field structure-increased hot plasma content generally producing a more "inflated" or "disklike" field geometry. To test the model's high-latitude structure, we compare its outputs with field and particle data from the Rev 40 high-inclination orbit of Cassini . We discuss the agreement between model and data and summarize our conclusions in §4. This was done as in A10 , by taking weighted average moments for each ion species, then combining these according to a prescribed plasma composition.
Magnetodisk Model Inputs
To model hot plasma content, we used the equatorial product P h (ρ) V α (ρ) of hot plasma pressure (assumed constant along a field line) and unit flux tube volume (Caudal [1986] , A10 ). We extended the Cassini Magnetospheric Imaging Instrument (MIMI) pressure dataset used in A10 's initial study [Sergis et al., 2007] (ii) Saturn local times 09:00-15:00, and (iii) locations between each orbit's last inbound and next outbound magnetopause crossings.
All hot pressures are shown as gray symbols in Fig. 1c , collapsed onto a single profile in ρ. For comparison, data for Cassini Rev 3 (February 14-23, 2005) are overlain in black (data from this orbit were previously analyzed by A10 ). Fig. 1d shows the median, 10%
and 90% quantiles. Solid curves are cubic fits to these parameters, which correspond to "average", "disturbed" and "quiescent" ring current states (following Sergis et al. [2007] and A10 ). We assumed a zero-slope profile past ∼23 R S (dashed lines in Fig. 1d ), however this did not affect our conclusions. Repeating this parametrization, incorporating all local times, elevated the quantile pressures by ∼40%. for Saturn [Achilleos et al., 2008] ), but for quiescent and disturbed states (Fig. 1d ). • [Caudal , 1986] , and the labeled field lines exceed this limit for radial dis- In Fig. 2b , we plot equatorial magnetic and plasma pressure for both models. Field strength at ρ 15 R S for the disturbed disk is more uniform than the quiescent model.
Comparison of Magnetodisk Models and Observations
Total model plasma pressure (disturbed) agrees well, as shown, with that of Sergis et al.
[2010] (hereafter S10 ; derived directly from CAPS and MIMI pressures). The radial gradient of our profile differs from that of S10 , however, which has consequences for azimuthal current (see below). Our disturbed disk's maximum plasma β of ∼6.5 at ρ∼14 R S is consistent with S10 's β max ∼3-10 for ρ∼11-14 R S . trifugal (inertial) current, the model is in reasonable agreement with the data for ρ 6 R S .
The discrepancy is mainly due to the difference between our approach (see A10 ) and S10 for computing currents. For centrifugal current, we assume A10 's polynomial fit to plasma angular velocity ω obtained from high-energy particle anisotropies [Kane et al., 2008] force to that of S10 ranges from ∼2 at ∼6 R S to ∼0.5 at ∼12 R S .
Considering pressure gradient, we recall (discussion of Fig. 2b ) considerable differences in plasma pressure gradients between our model and S10 's values. Thus for ρ 8 R S , our disturbed model's total pressure current seems reasonably consistent with S10 's lower limits. Current density exceeds inertial at ∼8 R S in both model and data. For ρ 8 R S ,
Sergis et al.
[2010] find >25% of total current arises from pressure anisotropy. This is not included in our model at present.
In Fig. 3a ,b, we compare model outputs with hot plasma and magnetic pressures for The change in magnetic pressure when crossing the current sheet is greater at CSX1 than CSX2. CSX1 occurs at ρ∼15 R S in the "middle magnetosphere" where the field lines are most disk-like, hence produce a strong contrast in field strength between the inside and outside of the sheet (Fig. 2a) . CSX2 occurs at ρ∼20 R S towards the "outer region" where field lines are more "blunt" (larger radius of curvature), this contrast is thus reduced, and R MP show a change in magnetic pressure comparable to that seen at CSX1. However, the observed sheet transit is more rapid than the model analog, perhaps due to plasma sheet motion linked to camshaft oscillations. Fig. 3c is a CAPS electron spectrogram for the same orbit. The decrease in cold electron plasma (counts) with distance from the equator is more pronounced near CSX1 than CSX2. This aspect reflects global force balance, which allows the cold population to maintain higher pressure for a given Z in regions where the field lines have larger curvature radii, and centrifugal confinement is weaker (e.g. A10 , Caudal [1986] ). Nightside data are better matched by a more quiescent disk and larger R MP , both possible signatures of a thinner nightside plasma sheet, as described by Sergis et al. [2009] . The magnetosheath population seen after the outbound magnetopause crossing (MPX, early on day 70) shows peak energies similar to those near the exit from the polar cap (via the dayside cusp) at day ∼67.5. Trajectory information in Fig. 3d includes northern ionospheric colatitude θ i magnetically conjugate to Cassini 's location. Regions with θ i <13
• are shown as a solid curve (also shown in Fig. 3c ), and represent a model polar cap, located on field lines poleward of the auroral oval boundary [Badman et al., 2006] .
Conclusions
Saturn's magnetospheric field can be significantly modified by internal changes in hot plasma pressure. Magnetic mapping between ionosphere and disk is also dependent on internal plasma state (as well as external solar wind pressure, e.g Bunce et al. [2008] ). 
